Less than 25% of eligible patients attend cardiac rehabilitation programs (CRP), with geographical proximity being a predominant barrier. Therefore, we undertook a pilot study to assess the feasibility and safety of using the Internet as a medium for delivery of an interactive "virtual" CRP (vCRP) to patients at a distance. Fifteen patients on the waiting list for a local hospital-based CRP were randomized to either an Internet-based vCRP or observational control. The vCRP consisted of on-line intake forms, one-on-one chat sessions with a nurse, dietitian, and exercise specialist, downloadable exercise heart rate monitoring, education and data monitoring of blood pressure, weight, and glucose. Participants were assessed for exercise capacity, risk factors, and lifestyle behaviors at baseline and at 12 weeks. Those in the vCRP logged onto the Internet-based CRP an average of 4.2 times per week. There were no adverse events in the vCRP participants. The vCRP group significantly improved their HDL-C, triglycerides, total cholesterol:HDL-C ratio, exercise capacity as assessed in metabolic equivalents, weekly physical activity, and exercise specific self-efficacy (p Ͻ 0.05). There were no significant improvements in the control group. Improvements in the vCRP group were similar to historical controls in a standard CRP. Feedback from exit interviews of the vCRP participants was unanimously positive. This Internet-based CRP resulted in clinically significant improvements in risk factors and exercise capacity similar to that of a standard CRP. The high user acceptance indicated that this program may have the potential to effectively manage patients who do not have access to traditional hospital-based CRP.
INTRODUCTION C
ARDIAC REHABILITATION PROGRAMS (CRP) are an essential part of secondary prevention for patients with cardiovascular disease (CVD). These programs are effective at enhancing lifestyle behaviors, improving risk factors, and reducing morbidity and mortality. 1, 2 However, only 10% to 25% of eligible patients attend these programs. 3, 4 One of the main limitations is accessibility as most CRPs are limited to hospitals in large urban areas. 5 In fact, a recent review found that there are no CRP specific to rural populations. 6 Therefore, patients in suburban and rural areas have limited access to CRPs, resulting in a geographical inequity of care. The use of technology to deliver healthcare (telehealth) has been suggested as a potential solution to reach patients at a distance. 7, 8 With increasing household access to the Internet, this form of communication may be effective at delivering risk factor and lifestyle management to patients with CVD who cannot access traditional CRPs.
To date, there is limited information available on the effectiveness of Internet-based care for those with or at risk for CVD. The majority of studies have limited their focus to ease of use or acceptability. 9, 10 Those that have investigated the effect on CVD risk factors have had inconsistent results and been limited in the outcomes assessed, such as changes in weight in healthy adults. 11, 12 Other studies have indicated that Internet-based programs have the ability to improve lifestyle behaviors, which may then lead to improvements in risk factors later on. 13, 14 Investigation of an Internet-based counseling intervention targeted to those with CVD reported significant improvements in weight compared to the control group. 15 There were no other changes noted, and this is again likely due to the limited scope of the intervention. While these studies suggest a potential for the use of the Internet, a comprehensive and interactive Internet-based CVD management program has not been investigated. Therefore, we undertook a pilot study to assess the feasibility and safety of using the Internet as a medium for delivery of an interactive "virtual" CRP (vCRP) to patients at a distance.
MATERIALS AND METHODS
Potential study participants referred to a local, hospital-based CRP were sent letters of invitation to participate in this randomized pilot study. Individuals who responded to the letters were eligible to participate if they lived within 60 km of the hospital, had no prior experience with cardiac rehabilitation, and were fluent in English. Those who were depressed, smoked, had an abnormal resting ECG, had Ͼ2 mm ST-depression or a significant arrhythmia on their exercise test ECG, or had uncontrolled diabetes were excluded. A total of 15 patients consented to participate and were randomized to either the Internet-based CRP (vCRP) or to the observational control group for 12 weeks. Entry into the hospital-based program was delayed until completion of the 12-week study period. All participants underwent a baseline assessment consisting of demographics, medical history, exercise stress test, fasting blood test for lipids, anthropometrics, and questionnaires for physical activity, diet, and self-efficacy. This assessment was repeated at the end of the study. This study was approved by the Simon Fraser University and Providence Health Care Research Ethics Boards.
Participants randomized to the intervention were provided with a laptop computer (Toshiba Corporation, Tokyo, Japan), heart rate monitor which stored heart rate data and connected to the laptop computer (Polar, Oy, Finland), home blood pressure monitor (Lifesource, Milpitas, CA), and dial-up Internet access for the duration of the study. Participants were trained on how to use the equipment and access the vCRP. The vCRP was designed to mimic a standard hospital-based CRP (which range from 12-16 weeks' duration) as much as possible and included on-line intake forms (medical, risk factor, and lifestyle forms), scheduled one-on-one chat sessions with the program nurse case manager, exercise specialist, and dietitian (three times each during the 12 weeks), weekly education sessions in the form of slide presentations with multiple choice questions, data capture for the exercise stress test and blood test results, progress notes (for health professionals), and monthly ask-anexpert group chat sessions.
The one-on-one chat sessions were used to discuss progress, any change in symptoms, provide exercise prescription, dietary recommendations, and risk factor management. These sessions lasted approximately 1 hour. Participants were asked to wear their heart rate monitors when exercising and upload their exercise data at least twice per week onto the Web site. In addition, they were to enter their weight, pre-and postexercise blood pressure, and random glucose (if diabetic) twice per week for 2 weeks, once per week for 2 weeks and once per month there-after, unless instructed otherwise by the nurse case manager.
The Web site was password protected and participants were directed to the Web page that corresponded to their week in the vCRP upon logging in. This page displayed the tasks that needed to be completed for each week. Participants were also given the e-mail addresses of the nurse, exercise specialist, and dietitian if they had any questions, and a research assistant was available for technical support. At the end of the 12 weeks, participants underwent a semistructured interview to evaluate their experience with the on-line vCRP and to gather feedback for future development. All interviews were tape-recorded and transcribed. The interview consisted of 12 questions designed to conceptualize the overall response to the program and examined overall patient enjoyment and satisfaction, technical components (user friendliness, chats, software, website design), time commitment, overall health status, self-efficacy, and method of delivery of care.
Participants randomized to the observational control group returned after 12 weeks for their assessment. During this study period there was no contact between either the research staff or the hospital-based CRP and the control group participants.
An additional group of historical controls was identified from the hospital-based CRP. A total of 16 patients were matched to the vCRP participants in a 2:1 fashion based on age, gender, and disease presentation for comparison purposes.
Assessment methods
Exercise capacity was assessed by a symptom-limited treadmill exercise stress test reported as total time on the treadmill and estimated maximal metabolic equivalents (METs) using the Bruce protocol. Fasting serum lipids were assessed using standard methods. 16 LDL-C was calculated using the Friedewald equation. 17 Blood pressure was recorded as the average of two measures taken 2 minutes apart after 5 minutes of seated rest. Body mass index (BMI) was calculated from weight (kg) divided by height (m) squared. Waist circumference was recorded as the average of two successive measures at the point of maximal narrowing.
Physical activity was determined by questionnaire. 18 Self-efficacy was reported as both a general score and an exercise specific self-efficacy score based on Likert scoring. Login data were obtained from the Web site server.
Statistical analysis
Data are reported as means and standard deviation for continuous variables and counts and percentages for categorical variables. Nonparametric statistical tests-the Wilcoxon test for paired samples of continuous variables and the Mann-Whitney test for independent samples of continuous variables-were used. The Pearson chi-squared test was used for categorical comparisons. All analyses used a p-value of 0.05 for significance and data were analyzed using SPSS 12.0 software (Chicago, IL).
RESULTS
There were no statistically significant differences in baseline factors between those in the vCRP group and those in the control group (Table 1) . However, there were more participants in the control group that presented with prior revascularization and there were clinically relevant differences between the two groups with respect to the total cholesterol: HDL-C ratio, total time on the treadmill, and self-reported physical activity participation. With the exception of physical activity participation, these differences were in favor of the vCRP group.
The average number of log-ins over the 12 weeks for those in the vCRP group was 50 (4.2 times per week), with a range from 26 to 86. Weekly tasks (i.e., intake form completion, heart rate upload, blood pressure data entry, etc.) were completed an average of 66% of the time and ranged from 12.5% to 100%.
After 12 weeks, two participants in the control group were lost to follow-up despite repeated attempts to contact them (further investigation revealed that these individuals also did not attend the hospital-based CRP). There were no changes in medications in any of the study participants, nor were there any adverse events reported. Those in the vCRP group significantly improved (Table 2) their HDL-C, triglycerides, total cholesterol:HDL-C ratio, exercise capacity (METs), weekly physical activity, and exercise specific self efficacy (p Ͻ 0.05 for all). The vCRP group improved their exercise stress test time by an average of 94 seconds compared to an average increase of 53 seconds in the control group (nonsignificant). There were no significant differences in the other risk factor and lifestyle variables between the two groups. There were no significant differences in any of the variables in the control group. Based on the interviews, participant feedback of the vCRP was unanimously positive. The elements that were found to be most effective consisted of the collective interactive components (62.5%), ability to view personal records (53%), and the scheduled chat sessions (50%). The components of the program that were reported to require the most improvement were technology based, such as the server connection (75%). This is likely due to some instances when the web server was offline. Below are sample comments taking from the interviews:
"The nutrition portion was extremely valuable and a constant reminder of what you should and should not be doing. That also gave just more incentive to continue with the program and continue to go down this road of a changed lifestyle and all physiotherapy sessions were extremely useful as well. Things occurred from day-to-day and week-to-week and they could be very easily answered in the chat sessions." "I think everything was great. The uploading of the "heart rate" was pretty easy. That was pretty good. Being able to look at that chart after, gives you a visual aspect of what you have entered of the blood pressure and additional exercise information. The questions of the week, I found, were very good informative." "I think that the 12-week program was really good because I could do it at my own time using my own home gym and monitor everything my way with the Polar equipment monitor situation where you can actually see the graph and see the progression of your heart rate and against the timeline really helps create goals." Table 3 outlines the data from 16 matched historical controls before and after a standard 16-week hospital-based CRP. The historical controls had significantly improved exercise capacity in METs and total time, HDL-C, and total cholesterol:HDL-C (p Ͻ 0.05). There were no differences in the changes in the risk factors between the vCRP group and historical controls, except for for triglycerides, which improved to a greater extent in the vCRP participants (p Ͻ 0.005).
DISCUSSION
Cardiac rehabilitation programs are a proven treatment for those with CVD, yet less then one-quarter of those eligible attend these programs with transportation access the greatest barrier. In this study, we developed an Inter- net-based CRP to deliver cardiac rehabilitation to patients with CVD at a distance. After 12 weeks, those using the Internet-based CRP underwent significant improvements in HDL-C, triglycerides, total cholesterol:HDL-C, exercise capacity, weekly physical activity, and exercise specific self-efficacy. One of the primary purposes of CRP is to restore and improve physiological function of cardiac patients. 19 Therefore, exercise therapy is the cornerstone of these programs, and prospective studies have reported that exercise capacity is a stronger predictor of mortality than other traditional risk factors. 20 Indeed, one of the novel features of our vCRP was the interactive exercise heart rate monitoring. This allowed both the patient and healthcare professionals to view the patient's exercise heart rate data. As a result of the vCRP intervention, vCRP participants experienced significant increases in weekly physical activity and exercise capacity. This was supported by the positive interview feedback and the significant increase in exercise-related self-efficacy. Indeed, physical activity in the vCRP group increased by over sixfold compared to baseline, and this difference was substantially greater than the changes in physical activity in the control group. While there were no significant differences in exercise capacity between groups, the improvements in exercise capacity in the vCRP group was nearly double that of the control group: 1.5 METs versus 0.8 METs and 94 seconds versus 53 seconds, respectively. This is in light of the high baseline exercise capacity in the vCRP participants. In addition, the beneficial changes to exercise capacity, lipid values, blood pressure, and BMI in the vCRP group were similar to that of our matched historical controls, and these improvements are consistent with those reported in a standard hospital-based CRP. 21 One of our primary concerns for this study was to ensure patient safety. Our study cohort consisted of individuals with diagnosed CVD who were referred by a physician to receive medically supervised cardiac rehabilitation. As a result, we excluded high-risk individuals. 22 In addition, we incorporated the use of heart rate monitors that could upload recorded exercise heart rate data to a computer and then be transmitted to the Web server. This information was then reviewed by the exercise specialist who would provide feedback on appropriate warm-up and cool-down periods and ensure the patient was exercising within their prescribed target heart rate. While the ability to monitor patient exercise heart rate in realtime exists, given the expense and lack of evidence indicating a benefit of telemetry use in face-to-face CRP, 23, 24 we did not feel this was warranted.
Research on the use of the Internet to deliver patient-focused health services is still emerging. Most studies to date have been restricted to small pilot and feasibility studies limited to assessment of user acceptance. 9, 10, [25] [26] [27] Together, these studies indicate the willingness of patients to receive healthcare in this medium. Our results confirm these findings as reflected by the positive feedback in the exit interviews and the high frequency of participant log-ins (Ͼ4 per week). Studies that have assessed management of cardiovascular risk factors are limited. With respect to the benefit of Internetbased weight loss interventions, the results are mixed, with some indicating significant weight loss, 12 while others showing no improvements. 11 These results may be reflective of the differing levels of personal interaction, as interactive Web sites are more engaging and people prefer to get their health care from actual healthcare professionals. 12, 28, 29 To our knowledge, there is only one other research study that investigated the use of the Internet for the delivery of a CVD management program. 15 This 6-month trial randomized 104 patients with CVD to Internet-based education and support from a nurse and dietitian or usual care. Patients in the intervention also received financial incentive for its use. At the end of the study, those in the intervention significantly reduce their weight compared to the control group. There were no statistical or clinical differences between the two groups for any other parameters nor within group. Our study investigated a more comprehensive and interactive Internet-based CRP and indicated the potentially added benefit to exercise capacity and other clinical measures.
Limitations
The main limitation of this study was the small sample size, which prevents appropriate hypothesis testing and limits the extrapolation of these results to a wider population. In addition, the small sample size made it difficult to control for possible baseline differences. However, as our primary purpose was to assess the feasibility of delivering cardiac rehabilitation via the Internet while ensuring patient safety, we feel this sample was appropriate for this purpose. Another possible limitation was the provision of the intervention participants with Internet access, a laptop computer, heart rate monitor, and blood pressure monitor for the study. While we acknowledge that this is not a sustainable model for implementation, it did allow us to include participants who had no computer or Internet access of their own. In addition, it also allowed us to minimize technical challenges (i.e., computer operating system, appropriate software installation, etc.) presented by participants using their own computers and hardware. Due to the requirement that the heart rate monitors needed to be capable of connecting to a home computer, these monitors were quite complex and provided a challenge to some of our participants. Despite this, all of the intervention participants did manage to master the task of uploading their exercise heart rate to the program Web site.
CONCLUSIONS
These results indicate that the Internet is a safe and feasible medium for the delivery cardiac rehabilitation to patients in their homes. The significant increases in physical activity and exercise capacity, as well as the high user acceptance, indicate that our novel vCRP has the potential to motivate patients to increase their exercise and effectively manage patients who do not have access to traditional hospitalbased CRP.
Therefore, the vCRP may be a viable alternative to those patients who are unable or unwilling to attend local CRP. However, larger studies in rural and remote patients are warranted prior to implementation of Internetbased cardiac rehabilitation.
